Abstract. An approach of fractional order sliding mode control based on support vector machine (SVM) was proposed to deal with fractional order system affected by both state delays and control delays. The original system is transformed into linear delay-free system by linear transformation to eliminate the impact of time-delay. Furthermore, a fractional-order sliding mode surface is designed and the SVM is applied to adjust the parameters of reaching law in order to overcome the defects in the conventional sliding mode control reaching law parameters should be set in advance. Compared with integer-order sliding mode control, the proposed method not only enables system to reach switching surface within shorter time, but also guarantees faster response, stronger robustness, lower chattering, and the control performance is improved. The simulation results show that the validity of the proposed scheme.
Introduction
Recently, as the fractional calculus theory research continues, fractional order systems (FOS) have attracted more and more attention in various fields [1] . The fractional-order control theory is a new kind of control theory and method based on the development of theory of fractional calculus. The research and application of control theory from the field of integer-order calculus to a broader field of fractional-order calculus, it can not only broadens the range of controller's parameters, but also makes the system obtain a better control effect by optimizing the controller's parameters. Furthermore, some of the characteristics of the fractional-order calculus -such as the "memory" effect of history and the robustness -is conducive to the stability of the control system and the improvement of the dynamic performance of the time-domain. Many scholars have conducted researches on correlative issues in this area, for instance, Podlubny proposed the fractional-order PI λ D μ controller [2] , Tenreiro researched fractional-order digital control system [3] , and so on. However, research on fractional-order control theory is still at an early stage, the control design techniques available for the FOS suffer from the lack of direct systematic approaches, there is still a big margin for improvement in the theory and practical application.
Sliding mode control (SMC) keeps the design simple and shows completely robustness to external disturbance and parameter changes; meanwhile, it is ease to implement. So it provides an effective robustness designing method for uncertain systems, time-varying systems and systems with external disturbance. However, there remain some problems in the sliding mode variable structure control, the most remarkable one among which is chattering. Besides, in sliding-mode control, general feedback control system does not have the characteristics of the sliding phase as it has in reaching phase; thereby the robustness of the system in the whole process of dynamic response is limited to some degree, and the system performance can be influenced as well [4] . To this respect, recent studies combined SMC with FOS, the published in the specialized literature can be classified into two kinds: works related to the application of SMC to fractional order systems, as in [5] [6] [7] , and the use of sliding mode approaches based on FOC [8] , which will be referred to as fractional order SMC here after.
Support vector machine (SVM) is a new data mining method based on statistical theory. SVM adopts the principle of structural risk and balances the training error and generalization ability. Many advantages has been shown in problem-tackling of small sample, nonlinear and highdimensional pattern recognition case, therefore many scholars applied it in the areas of control [9] .
In practice, various systems are always under time delay due to the presence of physical characteristics during the measurement process of variables, transmission and processing of the material and signals, inertia of the actuator, etc .The existence of time delay makes the analysis and synthesis of the system more complex, at the same time it would make system unstable and performance getting worse. State delays and control delays are unavoidable in real systems, which bring more complexity and make the control more difficult. Many scholars studied the sliding mode control method for time-delay systems [10] [11] [12] . Sliding mode control for fractional order systems with input and state time-delay and the stability of the proposed control design were discussed [11] . Leipo Liu et al. established a robust law such that the reach ability of the sliding surface in the state-estimation space was guaranteed, and the sufficient condition for asymptotic stability of the error system and sliding mode dynamics with disturbance attenuation level was derived via linear matrix inequality (LMI) [12] . But the research on fractional-order sliding mode control of timedelay systems is still in the exploratory stage.
A new sliding mode control scheme based on SVM for fractional order time-delay systems is proposed in this paper. The original system is converted into delay-free system by linear transformation and controller is designed by bringing in fractional-order sliding surface. Sliding mode variable structure control uses SVM to adjust the parameters of control law, which avoid chattering phenomenon. Compared with integer-order sliding-mode control, the proposed approach enables system to improve control performance.
System Descriptions
Consider a fractional order system with state delays and control delays
(1) 
is an Euler Gamma function, and it is defined as
Sliding Mode Controller Design
Define an m-dimensional fractional switching surface as
Where
is a switching function to ensure that the system can reach the switching surface and meet 0 CB nonsingular;
x is a Riemann-Liouville fractional-order integral operator defined as the Eq.(2), whose order is 1   . Switching function should be a switching functional in a delay system and it is very difficult to design for a linear system whose control variables and status variables are delayed at the same time. Therefore, the original system is converted into a linear delay-free constant system by linear transformation, and traditional switching function design method of linear system is used. Thereby switching function of the original system is derived. Define linear transformation
Then (6) Substituting Eq. (1) into Eq. (6), obtained 
Then system (1) can be transformed as 
Consider the exponential approach law
Control law is proposed as 
Stability Analysis
Based on control law (11) , assumed that
By substituting (12) into the system (8), the closed-loop tracking system can be obtained following: 
When system trajectory reaches the sliding mode, the system of sliding mode system can be expressed as
Assume that there is a eq K satisfying condition, therefore system (8) is asymptotic stability in a particular sliding manifold in the action of (12) sliding mode control law. Proof: Lyapunov function is defined as
Take the derivative of ( ) V t , equation can be obtained 
Then the system is asymptotic stability [13] . This means that the selection of the matrix C needs to be the feature values eq A satisfy the formula (16). If the state is on the sliding mode boundary layer and the sliding mode equation (13), therefore the system solving equations would be (13) is stable [14] .
Control Law Design Based on SVM
In control law (11) , if the parameters , ρ μ cannot be choose properly, the system will be state divergence or severe buffeting in the sliding surface. All these will cause system's instability and a direct impact on the control effect. To solve this problem, , ρ μ were forecasted respectively based on SVM . Use structural risk minimization criteria, optimization problem can be described
and using Lagrangian function and duality principle, dual problem of (18) can be obtained 
The parameter b can be worked out according to the KKT optimal conditions, so that the most advantage of the Lagrange multiplier multiplied by zero. Select the RBF kernel function as follow
Then the output of SVM can be obtained
From (11), we know that the two values of the parameters and the input, state, etc., is related to its historical data. Here are steps to build forecasting model based on SVM:
Step 1: Determine the input and output variables. is sliding mode matrix, parameters ρ and μ is adjusted by SVM mode. The simulation results are shown in Fig. 1-8 . Fig. 1-2 show the ρ and μ comparison curves of predicted value and the actual value respectively, assuming that can be seen that the predicted values of ρ and μ of SVM model tracking to the actual values primly. It can be seen that the SVM model has higher forecast accuracy and good generalization ability. Fig.3-5 are the switching function of the fractional order system, curve of sliding mode control law and state response curve respectively. Fig.6-8 are the response the integer-order system with the same parameters of the fractional system, curve of switching function and sliding mode controller. It is can be seen from the simulation results that fractional order system's has shorter adjustment time and faster access to the sliding surface. At the same time it shows good sliding mode characteristics on the sliding surface and greatly weakened the chattering. 
Conclusions
Fractional order sliding mode variable control based on SVM is proposed to deal with fractional order time-delay systems. Taking the advantage SVM whose advantage is generalization ability and small sample, the SVM model for the reaching law parameters ρ and μ is found and adjusted online. This method enables fractional-order delay system to overcome the impact of time delay, weaken the chattering phenomenon effectively, shorten the time to reach the switching surface, and finally improve the control system performance. The simulation results show the validity of the proposed scheme. 
